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Abstract  

It has been proposed that women are better than men at recognizing emotions and pain 

experienced by others. They have also been shown to be more sensitive to variations in pain 

expressions. The objective of the present study was to explore the perceptual basis of these sexual 

differences by comparing the visual information used by men and women to discriminate between 

different intensities of pain facial expressions. Using the data-driven Bubbles method, we were 

able to corroborate the woman advantage in the discrimination of pain intensities which did not 

appear to be explained by variations in empathic tendencies. In terms of visual strategies, our 

results do not indicate any qualitative differences in the facial regions used by men and women. 

However, they suggest that women rely on larger regions of the face which seems to completely 

mediate their advantage. This utilization of larger clusters could indicate either that women 

integrate simultaneously and more efficiently information coming from different areas of the face 

or that they are more flexible in the utilization of the information present in these clusters. Women 

would then opt for a more holistic or flexible processing of the facial information, while men 

would rely on a specific yet rigid integration strategy.  

Keywords: Sex Differences, Visual Perception, Facial Expressions, Pain Intensity, Data-driven 

Methods 
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Facial Expression of Pain: Sex Differences in the Discrimination of Varying Intensities  

 

Communication of pain has been tied to the evolution of the human race as it increases its 

chance of survival (Prkachin et al., 1983). Communicating pain may alert observers of potential 

proximal threat and most importantly, lead to caregiving behavior towards the person suffering 

(Hadjistavropoulos et al., 2011; Yamada & Decety, 2009). Of the many ways to communicate 

pain, facial expression is one of the most effective (Craig et al., 2011; Williams, 2002). As for 

other facial expressions, the interpretation of pain facial cues has been shown to be influenced by 

the context as well as well as the observer's intrapersonal characteristics (Goubert, Vervoort, & 

Crombez, 2009; Goubert, et al., 2009; Hadjistavropoulos, et al.,1997).  

In the general field of emotions, it has been proposed that women are better than men at 

recognizing emotions experienced by others (Hall, 1978; Kret, 2012; McClure, 2000; Sasson et 

al., 2004; Thayer & Johnsen, 2000; Thompson et Voyer 2014; Wingenbach, Ashwin & Brosnan, 

2018; see however Grimshaw et al., 2004; Palermo & Colthearth, 2004). Interestingly, this has 

also been suggested for the recognition of facial expressions of pain (Hill & Craig, 2004; Keogh, 

2014; Prkachin, Mass & Mercer, 2004; see however Simon et al. 2006; Riva et al., 2011). In 

addition, women have been shown to be more sensitive to variations in pain expressions than men, 

which leads to less underestimation bias (Miron-Shatz et al., 2020; Prkachin, Mass & Mercer 2004; 

Robinson & Wise, 2003).  

Several theoretical frameworks have been developed in attempts to explain this feminine 

advantage such as evolutionary caretaker theories, neurological/hormonal theories and social 

learning theories (Brody, 1985; Keogh 2014; Kret 2012). However, few studies have explored the 

visual strategies adopted by women that could potentially be linked to their greater efficiency in 

facial emotion recognition (Hall et al., 2010; Vassalo et al., 2009). This gap in the literature is 
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surprising given that many studies have reported visual strategy anomalies in patients presenting 

facial expression recognition disorders such as social anxiety (Faghel-Soubeyrand et al. 2020; 

Langner, Becker & Rinck, 2009;), schizophrenia (Clark, Gosselin & Goghari, 2003; Faghel-

Soubeyrand et al. 2020; Lee et al., 2011), autism (Jones & Klin, 2013; Newmann et al. 2006; 

Spezio et al. 2008) and prosopagnosia (Fiset et al., 2017; Richoz et al.,2015). Another difference 

reported in the literature between men and women involves empathic tendencies. Women tend to 

obtain a higher score on empathy tests (Baez et al., 2017; Batchelder et al., 2017; Derntl et al., 

2010; DiTella 2020; Lucas-Molina et al., 2017; Mestre et al., 2009; Reniers et al., 2011; Rueckert 

et al., 2011; Van der Graaff et al., 2014), which has been in turn linked to the evaluation of facial 

expressions of emotion and pain (Besel & Yuille, 2010; Kang, Ham & Wallraven, 2016) and 

should thus be considered in the equation. 

Among the studies measuring sexual differences in face perception, some have shown that 

infant girls aged less than two days old present a stronger interest for faces, whereas infant boys 

prefer looking at the picture of a mechanical object (Connellan, 2000). Girls also tend to make 

significantly more eye contact with their parents than boys, and this behavioral difference has been 

associated with fetal testosterone level (Lutchmaya et al., 2002). Women have also been shown to 

make significantly more fixations across face images in a face memory task, and this increased 

scanning has been associated with a better face recognition performance (Heisz, Pottruff & Shore, 

2013). Another study that looked at the temporal dynamics of gaze of adult participants has shown 

that women tend to explore faces more than men, making shorter fixations and larger saccades 

(Coutrot et al., 2016). Among the studies that have reported a feminine advantage in facial 

expression recognition (accuracy and/or speed), some have also shown a women's tendency to 

fixate more the eyes region (Hall et al., 2010) in comparison to men who seemed to further fixate 
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the nose and mouth area (Vassalo et al., 2009). This sex difference, with respect, to fixated regions 

was also observed by Sæther et al. (2009) in a sex categorization task.  Although, this result is not 

systematic across studies as some reported no such sex differences (Coutrot et al., 2016; Rogers et 

al., 2017; Sokhn et al., 2017). To our knowledge only one study looked at the link between gaze 

strategy and empathic tendency and did not find conclusive results (Hall et al., 2010).  

While the association between gaze strategy and ability has long been assumed, the link 

between the two seems to be more tenuous than previously thought. This might account for the 

discrepancy revealed in the previously mentioned eye tracking results. Even though visual strategy 

alterations have often been observed in patients with emotion recognition deficits, studies that have 

directly examined the link between gaze exploration and emotion recognition ability did not report 

such evidence (see Yitzhak, Perttzovand & Aviezer, 2021 for a review). It is thus possible that the 

feminine advantage in emotion and pain recognition stems from a particular visual strategy that 

could not be captured by an eye tracking paradigm. In fact, it has been shown that the overlap 

between gaze position and visual information extraction is not perfect (Arizpe et al., 2012; Blais 

et al., 2017; Jonides & Yantis 1981; Posner, 1980; Tardif et al., 2017). For instance, during face 

processing, one may fixate the center of a face while processing the peripheral information 

contained in the eyes and/or mouth areas (Caldara, Zhou & Miellet, 2010; Blais et al., 2017; 

Peterson & Eckstein, 2012;). For these reasons, the utilization of visual information should be 

directly measured and evaluated as a potential explanation for women's efficiency in facial 

expression recognition.  

The objective of the present study was to compare the visual information used by men and 

women to discriminate the intensity of pain facial expressions. For this purpose, the data-driven 

Bubbles method was employed (Gosselin & Schyns, 2001). We expected women to rely on 
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different visual strategies in order to discriminate between different pain intensities and we 

anticipated these differences of visual information utilization to explain the feminine advantage 

previously reported. Based on previous eye tracking results suggesting a greater fixation of the 

eyes area in women (Hall et al., 2010), we could expect qualitative differences in the regions 

used by both sexes. By fixating the eyes more often, women might have developed an expertise 

at using those key facial features. Also, studies proposing a more exploratory scan path of faces 

by women (Coutrot et al., 2016) could predict quantitative differences in the strategies. Women 

making shorter fixations and larger saccades might be more efficient at integrating facial 

information from wider regions of the face. As for empathic tendencies self-report questionnaires 

were administered (Empathy Quotient, Baron-Cohen & Wheelwright, 2004; Interpersonal 

Reactivity Index, Davis, 1983). We did not expect empathy to drive these sexual differences in 

terms of visual strategies. Although results previously mentioned report a connection between 

sex and empathic tendencies and independently, between empathic tendencies and emotion 

recognition ability, no clear evidence of a link between participants’ empathy scores and gaze 

strategy has yet been found (Hall et al., 2010). However, the current state of knowledge on this 

topic remains sparse and because of this, we have decided to control for this variable in the 

analyses (Besel & Yuille, 2010; Kang, Ham & Wallraven, 2016). 

Method  

Data Availability  

The final dataset and accompanying Matlab code are available on the Open Science 

Framework, DOI [ https://osf.io/9t6eu/?view_only=b2e5d1ea641f4be8a40d1aa9b960513f ] 

 

 

Participants 

https://osf.io/9t6eu/?view_only=b2e5d1ea641f4be8a40d1aa9b960513f
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Seventy-six participants (38 males; 22.8 years old on average; SD = 4.6) took part in this study. 

The sample size was determined a priori in order to have a statistical power of .80, assuming a 

medium effect size of Cohen’s f =.25 (G * Power; Faul et al., 2007). All participants had normal 

or corrected-to-normal visual acuity and were naïve to the purpose of the experiment. Participants 

were recruited and tested at the University of Quebec in Outaouais, Canada. Four participants were 

excluded from the analysis because their data were outliers, leaving a total sample size of 72 

participants (37 men; see results section for more details). A portion of the data presented in the 

present study (30 participants; 15 males) has been used as part of a transcultural study which is not 

published yet and is still under revision. In that study, the visual strategies of 30 East-Asian 

participants and 30 Western participants were compared. All the participants, from both present 

study and transcultural study, also completed another task that was not discussed in this article. 

The purpose of this task was to measure their mental representation of facial expressions of pain 

(i.e. Reverse Correlation). However, they went through the same protocol (same number of trials) 

and completed the tasks in the same order, that is to say, the reverse correlation task first, then the 

Bubbles task, and finally the empathy questionnaires. In this case, the sample size was not 

sufficient to verify the culture x sex interaction. 

Material and Stimuli 

Stimuli were displayed on an LCD (52 × 29 cm; 1920 × 1080p) monitor. All participants were 

asked to position their head on a chin and forehead rest and all monitors had a calibrated 

luminance and a refresh rate of 60 Hz. The experimental program was written in Matlab, using 

functions from the Psychophysics Toolbox (Brainard, 1997; Kleiner, Brainard & Pelli, 2007; 

Pelli, 1997).  
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Face stimuli. The faces presented to participants subtended a width of 6° of visual angle (5.3 

cm; distance between participants’ eyes and screen of 50 cm). Stimuli consisted of avatars 

created with FACEGen (Singular Inversions Inc., 2009) and FACSGen softwares (Rosech et al., 

2011). In total, 8 avatars were created: two genders, in two face ethnicities (White and Asian), 

each in two emotional states (neutral and the apex of pain facial expression). Those avatars were 

evaluated by a group of 30 naïve observers who did not take part in the main experiment. Results 

are consistent with those obtained by Meister et al. (2021), with 100% of ratings from naïve 

observers being congruent with the FACEGen gender pre-set. As mentioned before, 30 

participants (15 males) of this sample took part in another transcultural study, which explains the 

inclusion of two face ethnicities. However, we were not interested in this variable for the 

question addressed in the present study. Moreover, analysis on face ethnicity revealed no 

significant effect on the visual strategy, which allowed us to pool the data across face ethnicities 

(see results section for more details). In the apex stimuli, three facial action units were activated 

(i.e. AU 4, 6/7, 9/10). These three features were selected since they have been empirically 

determined to be frequently found in facial expressions of pain (Kunz & Lautenbacher, 2014; 

Kunz, Meixner & Lautenbacher, 2019; Prkachin, 1992; Prkachin & Salomon, 2008). We chose 

to present the most frequent display in order to reduce the number of trials of the experiment 

even though at least four distinct facial activity patterns of pain resulting from different AU 

combinations have been proposed (Kunz & Lautenbacher, 2014). For each of the four facial 

identities, four levels of pain intensity (no pain, 33%, 66%, and 100% of pain) were generated by 

morphing the neutral and apex avatars (Fantamorph, Abrosoft Co, 2002). As suggested by 

Krumhuber et al. (2012), these intensity levels can be used in accordance with the 3-point 

intensity scoring in FACS (low, medium, and high intensity). The final 16 stimuli (2 genders x 2 
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face ethnicities x 4 levels of pain intensity) were then transformed into grayscale images with a 

homogeneous gray background. Their luminance was normalized using the SHINE toolbox 

(Willenbockel et al., 2010). 

Bubbles were applied on the stimuli using the following procedure. First, the face picture was 

decomposed in five frequency bands using the Laplacian pyramid transform implemented in the 

pyramid toolbox for Matlab (Simoncelli, 1999; 128–64, 64–32, 32–16, 16–8, and 8–4 cycles per 

image). The entire range of SFs was used, and successive scales were one octave apart, mirroring 

natural energy statistics and the sensitivity of the human visual system. In this case, the five 

spatial frequency bands were: 59.0-29.5, 29.5-14.8, 14.8-7.4, 7.4-3.7, and 3.7-1.8 cycles/face, 

and the remaining low frequency band served as a constant background (see Figure 1 top row for 

an example of the first step). This step resulted in five images, representing the facial expression 

stimulus in different spatial resolutions. On each of these five images, bubbles were randomly 

located; a bubble is a Gaussian aperture through which facial information is made available. The 

bubbles varied in size as a function of the frequency band, such that their full width at half 

maximum was of 14.1, 28.3, 56.5, 113.0, and 226.1 pixels from the highest to the lowest spatial 

frequency band (see Figure 1 middle and bottom rows for an example of the second step). Since 

the size of the bubbles increased as the spatial scale became coarser, the number of bubbles 

differed across scales to keep the size of the sampled area constant across frequency bands. 

Finally, the five sampled images were combined for each face picture to produce the 

experimental stimuli (see the rightward image of Figure 1 for an example of the experimental 

stimuli).  
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Figure 1 

Creation of a Stimulus Using the Bubbles Method 

 

Note: Illustration of the procedure to create a stimulus with the Bubbles method. The original face (A) is 

first decomposed into five spatial frequency bands (B). A mask of randomly positioned Gaussian 

apertures, called bubbles, is created for each band (C). Each of the five filtered images are then multiplied 

pixel-by-pixel with their corresponding bubbles mask. The five resulting stimuli (D) are finally fused to 

create the final stimulus, called bubblized stimulus (E). Thus, in the bubblized stimuli, random facial parts 

are displayed in different spatial frequencies, allowing to make inference on the facial features and spatial 

frequencies underlying pain intensity discrimination. 

 

Empathy questionnaires. Participants completed two self-report questionnaires to measure 

their empathy. Although those two questionnaires are correlated, they do not perfectly overlap 

(Lawrence et al., 2004), suggesting that they might measure slightly different constructs. 

Empathy quotient (EQ). The EQ (Baron-Cohen et al., 2004) is a 60-item questionnaire in 

which 40 items measure empathy (half of which are reverse-coded), while an additional 20 serve 

as filler items. Participants responded to each item on a 4-point Likert scale, with higher scores 

indicating higher agreement. Although the EQ was initially designed to be used in clinical 

samples, it has also been used in typically developing samples (e.g., Samson 2012; Smith et al. 

2010; Krill et al. 2008).  
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Interpersonal Reactivity Index (IRI). The IRI (Davis, 1980, 1983) is a 28-item questionnaire 

that was based on the multidimensional theory of empathy (Konrath et al., 2011). It includes four 

7-item subscales: empathic concern (EC), perspective taking (PT), fantasy (FS), and personal 

distress (PD). The EC subscale aims at measuring the other-focused emotional component of 

empathy. The PT subscale is intended to measure the cognitive component of empathy. The FS 

items are intended to measure how strongly the respondent identifies with fictional characters in 

books, movies, or plays. Finally, the PD subscale measures the discomfort and anxiety triggered 

by others’ negative emotional experiences. Participants responded on a scale of 1 to 5, with 

higher scores indicating higher agreement. IRI, and particularly the EC subscale, has been used 

in some studies to investigate the potential relationship between pain perception in others and 

variation in empathy level (Singer et al., 2004; Saarela et al., 2007). IRI also has the advantage of 

being less explicit than the EQ.  

Procedure 

After completing a consent and general information form, participants were asked to perform 

a pain intensity discrimination task which included a total of 3024 trials divided into 21 

experimental blocks. They were then asked to fill out the two empathy questionnaires. Since the  

testing was performed over several hours (three to four hours per participant), most participants 

needed two experimental sessions (i.e. conducted on two separate days, not necessarily 

consecutive) to complete all tasks. 

At the beginning of each block, instructions were displayed on the screen monitor. Then, on 

each trial, a fixation cross first appeared in the center of the computer screen for a duration of 

500 ms. It was quickly replaced by two bubblized faces of the same identity expressing different 

pain intensities. Since stimuli were always presented in pairs of the same identity, these 
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variations in intensity enabled the creation of three different levels of difficulty. The easiest level 

had a 100% difference of intensity between the two stimuli, whereas the hardest had a 33% 

difference, with an intermediate level of 66% difference. The same bubbles were applied on both 

stimuli, but the bubbles location varied randomly across trials. Stimuli were displayed on the 

right and left side of the screen center and remained visible until participants responded. The 

participants were asked to identify which of the two faces expressed the most pain by pressing 

the corresponding keyboard key. The key press triggered the next trial. No feedback was 

provided. The three levels of difficulty, the two genders, and the two face ethnicities occurred an 

equal number of times within each block, but the order in which they occurred varied randomly 

from subject to subject. The number of bubbles was adjusted online with an adaptive algorithm 

(QUEST; Watson & Pelli, 1983) to maintain a target accuracy of 75%. The number of bubbles 

was adjusted separately for each level of difficulty (33%, 66% or 100% of difference) but was 

constant across face genders and ethnicities. This adjustment was made to avoid a ceiling effect 

at the easiest level or a floor effect at the most difficult condition.  

The protocol of this experiment was approved by the Research Ethics Committee of 

Université du Québec en Outaouais and was conducted in accordance with the Code of Ethics of 

the World Medical Association (Declaration of Helsinki). All participants provided informed 

written consent. 

Results  

 Note that in case of sphericity violation the degrees of freedom were adjusted using 

Greenhouse-Geisser estimate (1959; 𝜀 ≦ 0.75) and the Huynh-Feldt estimate (1976; 𝜀 > 0.75). 

Sex differences in empathic tendencies 
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Two subscales of the IRI presented significant sex differences and a medium effect size, the FS 

and the PD (see Table 1 for details). A marginal trend was found with the EC scale of the IRI, 

which didn’t resist the Bonferroni correction (p must be <0.01). No significative sex differences 

were found for EQ scale or other IRI subscales. To ensure that further sex differences were not 

driven by empathic differences, FS and PD scores were included as covariates in subsequent 

analysis.  

Table 1 

  

Means, Standard Deviations, Independent Sample t Test Significance and Mean Difference 

Confidence Intervals of EQ and IRI (subscales) Scores for Men and Women  

  Sex M SD t  95%CI 

[LL, UL] 

d 

EQ Men 

Women 

42.11 

46.54 

12.96 

11.23 

-1.55   [-10.15, 1.28]  -0.37 

EC Men 

Women 

35.95 

38.91 

6.61 

6.26 

-1.96   [-6.00, 0.60] -0.46 

FS Men 

Women 

29.11 

35.11 

9.68 

8.97 

-2.73** [-10.40, -1.60] -0.64 

PT 

  

Men 

Women 

35.08 

37.14 

5.83 

6.81 

-1.38   [-5.04, 0.92] -0.32 

PD Men 

Women 

21.24 

26.60 

7.73 

6.61 

-3.16** [-8.73, -1.98]  -0.74 

  

Note. EQ, Empathy quotient; EC, empathic concern; FS, fantasy; PT, perspective taking and PD, 

personal distress. M and SD are used to represent mean and standard deviation, respectively. 

Values in square brackets indicate the 95% confidence interval of mean differences. LL and UL 

stand for confidence interval lower limit and upper limit, respectively. ** indicates p < .01. 

Ability at discriminating facial expressions of pain as function of the participant’s sex  
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The number of bubbles was used in order to compare men and women’s ability to make a 

distinction between different pain intensities. Since each bubble acts as a window on the 

stimulus, the number of bubbles represents the amount of spatial information made available to 

the participant. This means that the participants who needed fewer bubbles were able to 

successfully complete the task by relying on less facial information. Throughout the experiment, 

this number of bubbles varied as a function of the participant's accuracy and can thus be used as 

an index of ability (Royer et al., 2015; 2018). As mentioned in the Participants section, four 

participants were excluded from the analysis because their mean bubbles number was considered 

an outlier, using the interquartile rule (i.e. number of bubbles higher than third quartile plus 1.5 

multiplied by interquartile range).  A 2 x 3 mixed analysis of variance (ANOVA) on the number 

of bubbles revealed a main effect of the participant’s sex, F(1, 70) = 4.96, p = 0.029,  ηp
2 = 0.07, 

and a main effect of the level of difficulty, F(1.16, 81.04) = 225.47, p < 0.001, ηp
2 = 0.76. No 

interaction was found between the participant’s sex and the level of difficulty, F(1.16, 81.04) = 

1.24, p = 0.28, ηp
2 = 0.02, indicating a women advantage across all conditions. Women needed 

on average less bubbles in all three levels of difficulty (MDifficult = 61.97, SDDifficult = 27.42; 

MMedium = 38.78, SDMedium = 19.78; MEasy = 33.70, SDEasy = 17.29) than men (MDifficult = 74.77, 

SDDifficult = 31.50; MMedium = 50.52, SDMedium = 21,05; MEasy = 42.90, SDEasy = 18.46) in order to 

correctly identify the face presenting the higher intensity of pain.   

As mentioned before, two subscales of the IRI (i.e. FS and PD) presented significant sex 

differences. For this reason, we measured the potential links between these empathy scores and 

the participants’ ability. Both Pearsons’ correlations were found not to be significant (FS, r = 

0.044, p = 0.72; PD, r = -0.048, p = 0.69), therefore, we were not able to confirm a link between 

participants’ empathic tendencies and their ability. However, to ensure that the main effect of sex 
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was not driven by any sexual differences in terms of empathy, we conducted a 2 x 3 mixed 

analysis of covariance (ANCOVA) on the number of bubbles, while controlling for empathy 

scores (FS and PD). The ANCOVA revealed the same main effect of the participant’s sex, F(1, 

68) = 5.66, p = 0.02,  ηp
2 = 0.08, and level of difficulty, F(1.15, 78.37) = 4.22,  p = 0.038, ηp

2 = 

0.07. Again, no interaction was found between the participant’s sex and the level of difficulty, 

F(1.15, 78.37) = 2.49, p = 0.114, ηp
2 = 0.04. These results suggest that women are better than 

men at discriminating between different levels of pain intensity and that this effect is not driven 

by their empathic tendencies. Given these results, empathy scores were not included in 

subsequent analyses.  

Finally, we conducted an analysis to evaluate the impact of the stimulus gender profile 

(feminine vs masculine) on participants’ discrimination ability. Results suggest that pain 

expressions were generally better discriminated in feminine faces than in masculine faces and no 

interaction was found between the sex of the participant and the gender profile of the stimulus. 

However, since this experiment included only two specimens for each gender profile, the effect of 

gender cannot be distinguished from the potential effect of the face identity (see section 1 of 

Supplementary Material for more details).  

Sex Differences in the Visual Information Utilization 

With the Bubbles method, since the bubbles’ locations vary randomly across trials, it is 

possible after a great number of trials to statistically verify the link between the visibility of a 

pixel (or group of pixels) and the probability that the participant will correctly identify the face 

displaying the higher pain intensity. To do so, a classification image (CI) is computed for each 

participant. This CI reveals the visual information (pixels of the image) that was systematically 

associated with a correct discrimination of pain intensity. By averaging CIs for each sex group, 



PREPRINT - SEX DIFFERENCES AND PERCEPTION OF PAIN IN OTHERS 

 

 

15 

we were then able to measure and compare the visual information used by both groups to 

discriminate pain intensities. CIs were computed using the following procedure.  

First, for each participant, weighted sums of all the bubbles masks used during a given 

condition of the experiment was calculated. To do so, we used the accuracies transformed into z-

scores as weights. This resulted in 30 CI per participants (5 frequency bands x 3 levels of 

difficulty x 2 face ethnicities) in which facial information increasing the probability of a correct 

response had a positive value, whereas information decreasing the probability of a correct 

response had a negative value. In parallel, random CIs were computed using a permutation 

procedure. This procedure consisted in calculating a weighted sum of all the bubbles masks that 

were used during a given condition of the experiment, with permuted accuracies transformed into 

z-scores as weights. These random CIs allowed to estimate the average value and standard 

deviation expected under the null hypothesis. Secondly, we used those random CIs to transform 

the participants CIs into Z-scores, for which the Z values indicated the number of standard 

deviations from chance. Thirdly, the participant’s CIs were then averaged across the three 

conditions and since analyses revealed no significant effect of face ethnicity nor frequency band 

on the visual strategies (for more details see section 2 and 3 of Supplementary Material), CIs 

were also averaged across the two face ethnicities and the five frequency bands, resulting in one 

CI per participant. In this way, by pooling the CIs and thus increasing the number of trials per 

image, we ensured a better signal-to-noise ratio of the CIs. Finally, CIs were smoothed using 

Gaussian kernels with a full width at half-maximum of 52 pixels and z-scored again using the 

averaged and smoothed random CIs.  

A pixel-by-pixel bilateral independent-sample t-test was conducted to verify the effect of 

participants’ sex on their utilization of visual information. A Cluster test from the Stat4CI 
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toolbox was applied to control for type 1 error inflation associated with multiple tests (tcrit = 2.7, 

k = 2273.0; p = 0.025; Chauvin et al., 2005). No difference in the regions used by men and 

women was found [stats, tcrit = 2.7, ClusterMax = 251, p = 0.213], both were using mainly the eyes, 

nose, and upper lips regions (See Figure 2a). 

Figure 2 

Comparison of the Visual Information Utilization of Men and Women  

 

Note: a) Visual information used by men and women to correctly discriminate between two intensities of 

pain. Significant areas are delimited by a white contour. The range of colors represent T-score values. 

Although the background face represents a white female, the analysis was made by combining all trials 

with no regard to stimulus gender and ethnicity. b) Both sex distributions. The left graph shows the 

distributions of maximum z-scores. The right graph shows the distribution maximum cluster size in 

pixels. Men's distributions are depicted in blue and women’s in yellow. * indicates p < .05 
 

However, an independent-sample t-test on the maximum z-scores suggests that women (M = 

3.4, SD = 0.7) tend to be more efficient in the utilization of the information than men (M = 3.0, 

SD = 0.7), t(70) = 2.24, p = 0.028, 95% CI [0.04 0.72 ]; (See Figure 2b left). We also conducted 

a ROI analysis on the maximum z-scores of the eyes, nose and mouth regions to see if this 

difference between men and women in terms of efficiency varied across the different parts of the 

face. The ANOVA did not report any interaction between the participant’s sex and ROI, F(1.579, 
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110.53) = 0.27, p = 0.72, ηp
2 = 0.01. Women were generally more efficient than men for all three 

regions (for more details see section 4 of Supplementary Material). Moreover, an analysis on the 

maximum cluster size (in pixels) has shown that women (M = 2262.0, SD = 1337.4) rely on 

systematically bigger regions than men (M = 1350.0, SD = 1815.20) to discriminate between 

facial expressions, t(70) = 2.44, p = 0.017, 95% CI [166.41 1659.57]; (See figure 2b right).  

Visual Information Utilization and the Ability at Discriminating Facial Expressions of Pain 

 Pearsons’ correlations test revealed that both maximum z-scores and cluster size obtained in 

each participant’s CI were correlated with participant’s ability (Cluster size, r = -0.52, p < 0.001; 

Max z-scores, r = -0.45, p < 0.001). In light of these results, a multiple regression was conducted 

to investigate whether cluster sizes, maximum z-scores and sex could significantly predict 

participants’ ability. The results of this analysis are displayed in Table 2. The model was 

significant, F(3,68) = 9.31, p < .001, and explained 29.1% of the variance in ability. While the 

cluster size contributed significantly to the model (B = -0.42, p = 0.011), the maximum z-scores 

did not (B = -0.10, p = 0.549). However, a high correlation between the two factors [r = 0.76, p < 

0.001] and a VIF of 2.441 raises the possibility of multicollinearity or near dependencies. 

Surprisingly, the sex of the participant did not significantly contribute to the model either (B =    

-0.12, p = 0.282).  
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Table 2 

  

Regression Results Using the Ability as the Criterion 

  

Predictor    b Beta Beta 

95% CI 

[LL, UL] 

Fit   

(Intercept) 77.76**         

Cluster size -0.01* -0.42* [-0.74, -0.10]     

Maximum z-score -2.91 -0.10 [-0.41, 0.22]     

Sex -5.20 -0.12 [-0.33, 0.10]     

        R2   = .291**   

        95% CI [.10,.42]   

 

Note. b represents unstandardized regression weights. Beta indicates the standardized regression weights. 

LL and UL indicate the lower and upper limits of a confidence interval, respectively. r represents the zero-

order correlation. * indicates p < .05. ** indicates p < .01. 

Full Mediation Effect of Information Utilization on Women Advantage 

Previous analyses revealed a sex difference in discrimination ability. However, that effect was 

not significant when other factors (i.e. maximum z-scores and cluster size) were taken into account. 

One possibility is that the relationship between sex and ability could be explained by their 

relationship to a third mediator variable. The cluster size was then examined as a mediator of the 

relation between participants’ sex and ability. We conducted a bootstrapped mediation analysis (1000 

resamples using “mediation” R Package; Tingley et al., 2013). The indirect 

effect of sex (dummy coded: men = 1, women = 0) on ability via cluster size was significant (A x 

B β = -6.06, 95% CI [-12.09 -1.12] p = 0.01; see Figure 3). According to the causal-step approach, 

individual differences in cluster size significantly and completely mediated the effect of sex on the 

ability to discriminate pain intensities. To estimate the size of our mediated effect, we computed 

the effect size of the indirect effect using Lachowicz, Preacher, and Kelley (2018) upsilon estimate 
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and the 95% BCa CIs from 1000 bootstraps using the MBESS R package (Kelley & Lai, 2010). 

Within Cohen’s guidelines (1988), the derived effect size was in the small range (upsilon = 0.019, 

95% CI [0.001 0.062]).  

Figure 3 

Simple Mediation via Cluster Size 

 
Note: A= effect of sex on cluster size. B= effect of cluster size on ability. C = total effect of sex on ability. 

C’= Direct effect of sex on ability after adding cluster size to the model. AxB = mediation of the effect of 

sex on ability by cluster size. 

 

We acknowledge that mediation analysis cannot conclusively demonstrate the direction of 

causality between measured variables. We thus considered an alternative mediation model 

(Fiedler, Harris & Schott, 2018). In this inverse causal model, the relation between sex and cluster 

size would be mediated by the amount of information (i.e. number of Bubbles) made available to 

participants, in which case the reliance on larger clusters would be driven by the method. In the 

present study the number of bubbles was adjusted in order to maintain a target accuracy of 75%,  

and since women were found to rely on fewer bubbles to complete the task, it is possible that it led 

to the utilization of larger clusters. Nevertheless, to verify this alternative model, we conducted a 
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model-observer analysis using the same Bubbles task as the one performed by the participants. For 

one model-observer, the number of Bubbles was fixed according to the average information 

utilization of men (44 Bubbles) and for the other, the number of Bubbles was fixed to the average 

information utilization of women (56 Bubbles). Each model observer completed 10 000 trials. We 

then proceeded to a permutation analysis. On each of the 1000 permutations, we sampled 3024 

bubbles masks from each distribution to generate a CI for each group. We then compared the 

maximum cluster size used by both model-observers. Results did not reveal any significant 

difference between the groups (95% CI [-2671, 1341], p = 0.667). It is thus not possible to confirm 

a causal relationship between the number of bubbles made available and the use of larger clusters 

and it is unlikely that the number of bubbles would then act as an alternative mediator to the 

relation between sex and cluster size. 

Discussion 

There is consistent evidence for sex-related effects in the decoding of the facial expression of 

pain, which, in many cases, suggest the presence of a feminine advantage (Hill et al., 2004; Keogh, 

2014; Prkachin et al., 2004;). Among the many frameworks that have been developed in order to 

explain these differences, few have looked at the visual strategies used by women that could 

account for their increased ability. In this study, we used Bubbles, a data-driven psychophysical 

method, to compare the visual information utilization of men and women to discriminate 

intensities of pain facial expressions. Although sexual differences in terms of gaze pattern (Coutrot 

et al., 2016; Hall et al., 2010; Heisz et al., 2013; Vassalo et al., 2009) have been previously raised, 

to our knowledge, this is the first study to directly compare their utilization of facial information.  

 In terms of ability, our findings corroborate previous results (Miron-Shatz et al., 2020; 

Prkachin et al., 2004; Robinson et al., 2003) and indicate a woman advantage in the discrimination 
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of pain intensities. More specifically, women need significantly less facial information to complete 

the task. In terms of visual strategies, our results do not indicate any qualitative differences in the 

facial regions used by men and women. Both sexes are mainly using the eyes, nose, and upper lip 

regions to successfully complete the task. However, our results suggest that women rely on larger 

clusters than men, and that the maximum z-scores of their CIs are systematically higher than those 

of men’s. The presence of multicollinearity between cluster size and maximum z-scores may as 

well indicate that they both represent the same mechanism, which is most likely a more efficient 

use of facial information. Therefore, although the results suggest that both factors are related to 

participants' ability to discriminate pain intensity, the multicollinearity between the two makes it 

difficult to evaluate their individual contribution to the regression model. Thus, only the cluster 

size was considered in the subsequent analysis. In addition, the results of the mediation analysis 

show that the reliance on a larger cluster size completely mediates the advantage found in women 

in terms of ability. Finally, our results did not indicate that sex differences in the ability to 

discriminate pain intensities are driven by self-reported empathy scores. This finding is in line with 

previous studies revealing that higher self-reported empathy is associated with a general tendency 

to give higher estimations when asked to rate the pain of another but is not necessarily associated 

with more “accurate” pain ratings (Green et al., 2009). 

The reliance on larger clusters could potentially be explained by two mechanisms. Either the 

participants integrate larger regions (i.e. information coming from different areas of the face) or 

they are more flexible in the utilization of the information present in that cluster, in which case the 

presence of any small part of the cluster could lead to a successful discrimination of pain 

intensities. In this case, smaller clusters found in men CIs might indicate that they rely on smaller 

but essential regions that must necessarily be revealed for them to successfully complete the task. 
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As for women, they might rely on larger regions and as long as some parts of the information 

contained in those regions are present, they are able to correctly identify the face expressing the 

most intense pain. Men would then opt for a more specific and rigid integration strategy and 

women would rely on a more holistic or flexible processing of the facial information. The reliance 

on larger clusters is in line with the aforementioned eye-tracking studies suggesting that women 

tend to use a more exploratory scanning strategy, make more fixations across face images and 

present a shorter ratio of fixation duration to saccade duration (Heisz et al., 2013; Coutrot et 

al.,2016). By actively looking for cues distributed in many parts of the face, women might be able 

to process and integrate larger areas of the face, hence larger clusters, than men. The flexibility of 

their information utilization might also allow this exploratory gaze pattern and favor a faster and 

more efficient inspection of faces.  

Among the many frameworks previously proposed, socio-cultural theories could predict a 

more efficient use of facial information in women. For example, the biosocial constructionist 

model by Wood and Eagly (2012) suggests that the physiological dimorphism found between 

men and women created task efficiency differences leading to a division of labor, with women 

being primarily responsible for child-rearing and men, for gathering and hunting food. In that 

spirit, women should be more sensitive to nonverbal cues, since nonverbal sensitivity is adaptive 

to bearing and nursing children. It has also been suggested that parents socialize their sons’ and 

daughters’ emotions differently (apply different contingencies to their behaviors) as the norms 

within a particular culture dictate the masculinity or femininity of specific emotions. For 

example, some studies from social learning theories have demonstrated differences in the way 

parents discuss past events with their children, using more emotional words with their daughters 

than with their sons (Brody, 2000). It is thus possible that women under either socio-cultural or 



PREPRINT - SEX DIFFERENCES AND PERCEPTION OF PAIN IN OTHERS 

 

 

23 

developmental pressures have developed over time a particular interest and expertise for the 

visual information that seems the most adaptive, like facial expressions of emotion. Another 

biological hypothesis, also based on the physiological and cerebral dimorphism found between 

men and women suggest that differences in specific brain regions could potentially explain why 

men and women tend to perceive the world differently (Vanston & Strother, 2017). For instance, 

it has been shown that men tend to have larger visual cortex than women (Amunts et al., 2007; 

Handa and McGivern, 2015). It has also been shown that variability in the primary visual cortical 

surface (V1) presents a tradeoff between sensitivity to visual details and susceptibility to visual 

context modulation (Song, Schwarzkopf & Rees, 2013). Individuals with larger V1 tend to 

discriminate finer orientation differences and tend to be more precise in their mental imagery. In 

contrast, individuals with smaller V1 are more susceptible to contextual modulations and tend to 

have a stronger but less precise sensory imagery (Bergmann et al., 2016; Schwarzkopf, Song & 

Rees, 2011; Song et al., 2013). In light of these results, one possible - although speculative - 

explanation to the sexual differences found in terms of visual information integration (i.e. 

clusters size) could rely on these correlations between cortical anatomy and visual perception. As 

such, women who tend to have a smaller V1 surface would lean toward a more context oriented 

or holistic processing of the facial expression, while men who tend to have a larger visual 

cortical area would adopt a more detail-oriented scope. This hypothesis is in line with previous 

results in which men have been shown to be less context-sensitive in comparison to women 

(Barnett‐Cowan, et al., 2010; Baron-Cohen, 2002; Phillips, Chapman & Berry, 2004; see 

however Shaqiri et al. 2018).  

The results of the present study must be interpreted in light of some limitations. First, hormonal 

variations in women that could potentially influence their ability to discriminate pain intensities 
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were not controlled for. In fact, pregnancy, the menstrual phase, and the use of oral contraceptives 

have been shown to impact women’s perception of faces, facial expressions, and social cues (see 

Little, 2013). For example, it has been shown that women in their mid-luteal phase perceive fearful 

and disgusted expressions as more intense (Conway et al., 2007). Another limitation was the use 

of artificially generated emotional faces, which could be considered as less ecological. However, 

this offers the advantage of providing a perfect control over the intensity in which each facial 

feature (action unit) is activated. In addition, one previous study has directly compared the 

utilization of different kinds of facial stimuli in a Bubbles paradigm and suggest that the results 

obtained with avatar faces generalize to real faces (Robinson et al., 2014). Also, the use of avatars 

has been previously validated in different experimental settings and has been shown to give results 

similar to those obtained with real faces in pain (Blais et al., 2019; Hirsh, George & Robinson, 

2009; Lin et al., 2020; Meister et al., 2021; Riva et al., 2011;Tessier et al., 2019; Wandner et al., 

2010;).  

It is possible that the use of this type of stimulus, in which action units were varying more 

systematically, has favored the male strategy, and thus minimized sex differences in terms of 

ability in comparison to what would be expected in real life. In fact, it has been shown that 

spontaneous facial expressions are by nature more subtle and ambiguous (Saumure et al., 2018; 

(Hess & Blairy, 2001; Kayyal & Russell, 2013; Motley & Camden, 1988; Naab & Russell, 2007; 

Wagner, MacDonald, & Manstead, 1986). For this reason, this experimental paradigm should be 

tested with real and spontaneous facial expressions of pain. It would also be interesting to test it 

with dynamic facial expressions since it has been suggested that static and dynamic facial 

expressions are perceived and processed differently (e.g. eye movements, Blais et al., 2017; spatial 

frequency utilization, Plouffe-Demers et al., 2019). Also, motion sensitivity has been found to 
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differ between men and women (Vanston et al., 2017). Future research using material featuring 

human individuals should also consider the impact of the actor's gender profile on sexual 

differences, since it has been previously demonstrated that the gender of the stimuli could impact 

the perception of pain (Simon et al., 2006; Simon et al., 2008; Riva et al., 2011). Although most 

of the results suggest that pain is in general better processed for male faces than for women faces 

(Coll, et al., 2012; Pronina & Rule, 2014; Simon et al., 2006), our analysis suggests that pain 

expressions were in this case more accurately discriminated in female-looking faces than in male-

looking faces (see section 1 of Supplementary Material for more details). These results should 

nevertheless be interpreted with caution since our research setting was not initially designed to 

consider the impact of stimulus gender. Finally, as suggested by Kunz & Lautenbacher (2014), 

future research should include various displays of pain facial expressions as it is possible that men 

and women differ in the display they prioritize. Also, since women have also been shown to be 

more accurate than men in recognizing facial expressions of other emotions than pain (Campbell 

et al., 2002; Mandal & Palchoudhury, 1985; Montagne, et al., 2005; Whittle et al., 2011), future 

research should include other facial expressions to verify if the utilization of larger clusters of 

visual information by women is a finding that can be generalized. 

Conclusions 

The current study corroborates previous results suggesting a feminine advantage in the 

processing of pain perceived in others. However, it suggests that the ability in which women were 

found to better discriminate between different pain intensities do not necessarily rely on the 

utilization of specific facial features, but rather on a more efficient use of this information. The 

reliance on larger regions of the face suggests that women are either better at simultaneously 

integrating information coming from different parts of the face or more flexible in the utilization 
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of this information. This holistic processing of the facial expression would give women an 

advantage on men who tend to adopt a more detail-oriented scope. Although this study provides a 

possible perceptive explanation to the female advantage, future research should disentangle these 

flexibility vs. efficiency hypotheses as well as their potential link with the cortical dimorphism 

found between men and women.  
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